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Abstract 
Harfacing welding is a widely used method on severe worn, corroded or oxidized surfaces to regain its functionality. For 
metal-to-metal sliding or rolling contact applications, in which oxidative wear, subsurface fatigue and adhesive wear are 
the main wear mechanisms, the materials usually selected are steels with a carbon contents between 0,1 and 0,7% and up 
to 20% of alloy content, such as martensitic tool steels. Among them, H13 tool steel has a great number of applications. 
Variables such as sliding speed, load, or contact stress may have decisive influence on wear rates. Laboratory tests like 
Pin-On-Disk (POD) are frequently used to evaluate the tribologic behaviour of different pairs of material. The objective of 
this work was to study the influence of the pin geometry (flat and spherical) in a POD test on the wear resistance of a 
weld-deposited hardfacing of H13 modified steel against low carbon steel AISI 1020 under different load and sliding 
speed conditions. It was observed an influence of the pin geometry on the wear rates, especially at high sliding speeds. 
Under light loads, the worn volume of the flat pin was greater, while under heavier loads it is the spherical pin the one 
with greater worn amount. 
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1. Introduction 
Hardfacing welding is a widely used method on severe worn, corroded or oxidized surfaces to regain its 
functionality. Over the last years it has become a large field of applications and technology development to 
manufacture new components as to extend lifetime in diverse industries (American Welding Society, 1998). 
For metal-metal sliding or rolling contact applications, in which oxidative wear, subsurface fatigue and 
adhesive wear are the dominating wear mechanisms, the materials usually selected are steels with a carbon 
contents between 0.1 and 0.7% and up to 20% of alloys (Cr, Mn, Mo, W, V), such as martensitic tool steels or 
martensitic stainless steels (American Welding Society, 1998; Koteki and Ogborn, 1995; So, 1995). Under 
metal-metal dry sliding, these sorts of materials may suffer from oxidation, adhesion, delamination, or plastic 
strain depending on the load or sliding speed (Koteki and Ogborn, 1995; So, 1995; Straffelini et al., 2001; 
Suh, 1997). The main wear mechanism acting on a given tribosystem depends on the service conditions and 
defines the lifetime of the concerned components. In this sense there is little systematically acquired 
information about the acting wear mechanisms and their relationship to the test conditions for these materials. 
Also, wear tests attempt to reproduce real service conditions to extrapolate the results to real systems and 
estimate their tribological behavior. However, due to the large number of variables involved in these studies, 
it is often difficult to establish such relationship. In this sense, the standard pin-on-disk (POD) test (ASTM 
G99-04) offer for the test the use of pins with a radiused tip. However, various applications related to the wear 
of tools such us dies, having sharp edges, are not properly simulated by a spherical geometry. The tests 
conditions, depending on the geometry, may disagree due to contact stress field, edge effect, heat generation, 
work was to study the influence of the pin geometry on the wear resistance of a weld-deposited hardfacing, of 
H13 modified steel, under different loads and sliding speed on a POD wear test. 
 
Nomenclature 
POD Pin On Disk 
S  Hemispherical Pin tip 
F Flat Pin tip 
KF Flat pin Wear rate 
KS Hemispherical pin Wear rate 
2. Experimental procedure 
A hardfaced specimen was welded on a plate of AISI 1010 carbon steel of 375 x 75 mm, with 19 mm 
thick. Four layers of a tool steel type H13 were deposited with 5, 4, 4 and 3 beads each, using a Flux Cored 
Arc Welding (FCAW) process. The chemical composition of the last welding bead was determined on its 
surface by optical emission spectrometry (OES). The microstructure was characterized by light microscopy 
(LM), scanning electron microscopy (SEM), and X-ray diffraction (XRD). In order to characterize the wear 
behavior of the deposit, there were obtained cylindrical pins 6.5 mm diameter by wire electrical discharge 
mechanizing (WEDM) as shown in figure 1.a. Vickers microhardness (HV1kg) profiles were made on planes 
parallel to the cylinder generatrix. Two pin geometries were tested: hemispherical tip (S) and flat tip (F). To 
obtain the wear test specimens, a hemisphere was made on the end of the hardfacing cylinders, and polished. 
In figure 1.b the spherical pin is shown mounted on the machine shaft before the test. In order to make the 
latter, a flat surface orthogonal to the pin axis was rectified (figure 1.c).  
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a  b  c  d  
Fig. 1. (a) extraction of pins from hardfaced test coupon; (b) spherical pin mounted on the shaft; (c) flat pin; (d) wear pair scheme 
The counterpart was an AISI 1020 steel disk, 50 mm in diameter and 4 mm thick, with the two flat surfaces 
ground. The wear tests were performed on a POD machine, under dry sliding conditions. Figures 1.d shows a 
scheme of the wear pair. 
Immediately prior to testing, the specimens were ultrasonically cleaned and weighed with an analytical 
balance (0.1 mg). Four conditions were tested, two loads: 10 and 40 N and two sliding speeds: 0.47 and 2 m/s. 
The mass loss was measured each 1000 m until reaching the final sliding distance of 5000 m. Table 1 
summarizes the testing conditions and its identification. 
Table 1. Testing conditions and identification 
Identification Geometry Sliding Speed [m/s2] Load [N] 
10L S Spherical 0.47 10 
40L S Spherical 0.47 40 
10H S Spherical 2 10 
40H S Spherical 2 40 
10L F Flat 0.47 10 
40L F Flat 0.47 40 
10H F Flat 2 10 
40H F Flat 2 40 
 
The weight loss measurements were converted to volume loss of the hardfacing material. There were tested 
at least two pin-disk pairs for each condition and the results were averaged. The debris generated during each 
stage of the tests were collected and analyzed with the wear surfaces of the disks and pins by SEM and LM. 
3. Results and discussions 
The chemical analysis on the last welding bead was: C=0.44%, Mn=1.20%, Si=0.60%, Cr=5.3%, 
Mo=2.4%, V=0.34% and W=1.8%. In previous works it has been observed the composition does not varies 
significantly within the volume evaluated in the wear tests (Gualco et al., 2005). The measured composition 
corresponds to a tool steel type H13, modified with higher Mn and Mo content and the presence of W. Figure 
2 shows the microstructure of hardfacing material in the pin end and a XRD pattern, showing the martensite 
and retained austenite peaks.  
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Average Vickers microhardness (HV1 kg) of tested pins was 688 HV, measured in the wear zone. The 
average disks hardness was 118 HV. Average initial pin roughness (Ra) was for the spherical pin: 0.226 , 
flat pin: 0.480 , while that of the disk was 0.230  
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Fig. 2. (a)macro of weld-deposit hardfacing; (b) microstructure in the last welding bead; (c) XRD pattern 
Figure 3 depicts the curves of volume loss for both geometries under each testing condition. 
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Fig. 3. Volume loss curves of each tested condition 
The 10L condition showed the lowest wear losses and wear rates, followed by 40L and 10H conditions, all 
three within the same order of magnitude. For the 40H condition, material loss was significantly higher. 
Comparing the results for each pin geometry, wear curves of the tests under low sliding speed (10L and 40L) 
show no significant influence of the geometry (S and F). For 40L condition, is possible to observe a slight 
decrease in the volume loss for the spherical condition, mainly associated with the running-in period. On the 
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other hand, the high sliding speed condition showed significant differences in the wear behavior between the 
two pin geometries at both load levels (10H and 40H). For 10H condition, flat pins (F) suffered higher wear 
rates; while for 40H condition the spherical pins (S) wear at a higher rate. In this test condition, both 
geometries (40HS and 40HF) show a change in the wear rate (the slope of the curves) after 2000m sliding 
distance. Table 2 lists the wear rate values, determined for each tested condition. The wear rates for both 
geometries (KS and KF) increase with increasing sliding speed and load.  
Table 2. Steady-state wear rates [mm3/m]. Relationship KF/KS 
S)   ( 1,87 ±1,08 ) .10-5    ( 7,50 ±0,05 ) .10-5    ( 2,02 ±0,86 ) .10-5    ( 7,67 ±0,70 ) .10-4  
F)   ( 1,65 ±0,54 ) .10-5    ( 8,04 ±0,36 ) .10-5    ( 8,69 ±0,98 ) .10-5    ( 4,05 ±0,96 ) .10-4  
KF /KS 0,9 1,1 4,3 0,5
40L 10H 40H10L
 
 
In order to observe the wear behavior, below are shown images of the worn surfaces of pins, disks, and 
collected debris for each test condition. Figure 4 shows the appearance of the pin wear surfaces of both pin 
geometries, under the different testing conditions. 
 
S) 
    
 10L 40L 10H 40H 
F) 
    
Fig. 4. Worn surfaces of pins generated under the different tested conditions 
Figure 5 shows the appearance of the wear track surfaces on the disks and figures 6 shows the generated 
debris under the different testing conditions for both pin geometries.  
In table 3 can be seen the worn volume of disks after 5000m sliding. Under low load and low speed 
condition (10L) both pin geometries have similar wear rates. Despites variations in the geometries of the track 
generated and the expected differences in the wear surfaces on the pin, the acting wear mechanisms were 
similar, observing a mild oxidative wear. On the wear surfaces of both pins there was detected the presence of 
isolated oxides by EDS. 
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Fig. 5. Worn surfaces of disks generated under the different tested conditions 
S) 
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F) 
    
Fig. 6. Debris generated under the different tested conditions after 1000m sliding length 
Table 3. Worn volume of disks after 5000m sliding [mm3] 
 
 
 
 
 
 
For the high load low speed condition (40L), there are not significant differences in wear rates between the 
different geometries, showing similar wear behaviour. For all testing conditions the effect of cutting chips 
from the disks by the flat pin was observed. This is probably due to the presence of sharp edges in the pin 
geometry in direct contact with the disks (Stachowiak and Batchelor, 2000; ASM, 1992). This is observed in 
the presence of chips in the wear debris due to this phenomenon (figure 6) and the increasing volume losses of 
the disks material for the flat pin tests (Table 3). This effect observed for the flat pin occurs mainly during the 
S) 4.0 ± 1.7 114 ± 77 161 ± 32 8.7 ± 4.0
F) 38 ± 13 358 ± 140 722 ± 432 512 ± 101
40L 10H 40H10L
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initial period, which could be the reason of the noticed greater pin wear during this stage under condition 40L, 
related to a greater wear of the edge (periphery) of the flat pin. 
The increasing speed at low loads (10H) prevents the formation of a continuous oxide layer promoting the 
metal-metal contact (Stachowiak and Batchelor, 2000; Rigney, 1998). Even when the track surface in the disk 
seem an evolution from condition 10L, there are major differences on the wear particles and the pin surfaces. 
The spherical geometry (S) is differentiated from that of 10L condition by a weight gain, but has the same 
wear rate. On the other hand, the wear rate of the flat pin increases significantly, which differentiates it from 
the spherical geometry. The spherical pin surface is slightly worn (figure 4. 10HS), with a transfer of disk 
material towards the pin (Stachowiak and Batchelor, 2000) associated with an adhesive mechanism, which 
explains the initial weight gain of the pin. At the same time in the debris are observed large plate-shaped 
particles from the track, which are indicators of delamination mechanism (Suh, 1997). On the other hand, 
surface of the flat pin shows great wear on the attack edge as well as in the sides (figure 4 10HF) associated 
with the greater weight loss and cutting effect, consistently with the chips observed in the debris (figure 5 
10HF). Under this condition, both pin geometries tests show instabilities due to light load and high speed, 
which promote cutting effect on the flat pin tests. The pin surfaces observation and analysis by SEM and EDS 
revealed disk material adhered on the pin surface, lacking of Cr. There were also founded signs of mild wear 
and isolated oxides. 
For high load and high speed (40H) a change in the wear mechanism takes place causing a wear rate rising 
of one order of magnitude for both pin geometries. In both cases, the transfer mechanism reverses through the 
pin delamination and incorporation of hard particles into the disk, leading to severe pin wear due to the 
changing wear pairs. This is observed on the strongly degraded pin surfaces for both geometries (figure 4 
40HF and 40HS) and noticing lesser disk wear (Table 3) due to such hard pin particles on the disk. Figure 5 
40H S and F show the disk surfaces. It is also observed greater amounts of pin worn particles identified by 
EDS for having Cr. In figure 7 one may see a wear track cross section corresponding to 40H flat pin 
condition, and the transferred pin material.  
 
a  b   
Fig. 7. Cross sectin of the disk. 40H sample, flat pin 
A structure of ep wide composed of very strained disk material and lamellar pin 
particles was observed. Notice the presence of voids, oxides, and cracks within the lamellar composite 
structure. This structure is a characteristic of this condition and is a hard point interacting with the pin surface. 
Even when this wear mechanism was observed for both pin geometries, the flat pin wear rate was half the 
spherical pin wear rate, in opposition to all other analyzed condition for which flat pin wear was similar or 
greater than the spherical pin wear. This would be associated with the formation and stabilization of the hard 
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spots in the disk which is more difficult in the case of the flat pin. Observation on the wear tracks showed into 
the track of the flat pin tests less amount of these structures, with smaller transferred particles (figure 5, 40H). 
This could be related to the sharp edges of flat pins that tends to prevent the stabilization and growth of these 
areas. It is seen in the front edge of the flat pin some localized wear (figure 4, 40HF). Also the major 
difference between their behaviors occurs within the first 2000m, during which the greater wear rates are 
registered. Preliminary results show the transference phenomenon of pin material to the disk occurs in the first 
meters. It is also observed that it is in this first 2000 m that the spherical pin almost losses its rounded shape 
evolving into a flat pin in the lasts stages of the test, as seen in figure 5 (40HS). 
The usage of different pin geometries may have effects on the tribological behavior of a given pair of 
materials being different according to the wear condition. For high speed it has a greater influence. This H13-
1020 wear pair is usually found in cutting or either cold or hot stamping applications, where sharp edges are 
commonly used, making the flat pin geometry particularly relevant as to be studied. 
4. Conclusions 
It was studied the effect of the pin geometry on a pin-on-disk test of a H13 mod  tool steel weld-deposited 
under different loads (10 N and 40 N) and sliding speed (0,47 m/s and 2 m/s) conditions. A flat ended and a 
spherical ended pins were used. The wear behaviour of both pins showed difference according to each tested 
condition. Under low speed, either low (10L) or heavy load (40L) there were not significant difference due to 
the geometry. Under high sliding speed, their behaviour differed. Under light load (10H) the flat pin wore 
more than the spherical, while at heavy loads (40H) it was the opposite. In all conditions there was a cutting 
effect when testing the flat pin, which increased the disk wear and explains the greater pin wear for the flat pin 
for 40L and 10H conditions. For 40H condition there is a material transference from the pin to the disk, 
generating hard areas on the track which cause great pin wear. The stabilization of these areas is more difficult 
with the flat pin due to the cutting effect related to the sharp edges. 
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